Although testicular damage caused by ethylene oxide vapor (EtO) 
INTRODUCTION
Ethylene oxide (EtO) is a highly reactive and infiltrative alkylating agent which is widely used as a precursor of industrial chemicals and as a sterilant for heat-sensitive medical and hospital supplies (25) . EtO neurotoxicity in humans (24) , alteration of locomotive activities in rats, rabbits, monkeys (26) , and mice (5 3) , and histopathological changes in the central and peripheral nerves of rats (38) have been reported.
The mutagenicity of EtO on mammalian germ cell lines has been proven by studying its prenatal dominant lethal effects in both mice (13, 21, 22) and rats (16) , and the increase in heritable translocations and dominant visible and electrophoretically expressed mutations in mice (32) . A decrease in the fertility index of male rats (16) and both male and female rats (52) following exposure to EtO has been reported. Teratogenicity in mice caused by exposure during gestation has also been reported (30) .
Hollingsworth et al (26) described a decrease of testicular weight and fibrous replacement of the seminiferous tubules in guinea pigs exposed to 357 ppm EtO for 176 days, and slight degeneration of a few tubules in rats exposed to 204 ppm EtO for days. On the other hand, Snellings et al (53) stated that there were no microscopic findings that could explain a decrease of testicular weight in mice exposed to 100 and 250 ppm EtO for 10 weeks. Recently, we reported severe testicular toxicity and changes in glutathione metabolism in the testes of rats exposed to 500 ppm EtO (34) . Activity of glu-tathione s-transferase, the major enzyme responsible for detoxification of Et0 in the testis, was prominently increased after 6 and 13 weeks of exposure.
In the present study, in order to assess the testicular toxicity of EtO, we examined, in detail, morphological changes in the seminiferous epithelium, using both (Table II) Two-Week Exposure Group. A mild reduction of mature spermatids was evident. Spermatids in the early and mid-maturation phases (stages I-III and IV-VI; early and mid-mature spermatids, respectively) showed signs of severe nuclear degeneration, such as deformation, pyknosis and irregular chromatin condensation, and were arranged in a disorderly manner (Fig. 1 (Fig. 2) (45) , and was replaced by irregularly formed TBC (Fig. 6) .
Four-Week Exposure Group. Mature spermatids often had multiple axonemes in the tail cytoplasm with a fragmented fibrous sheath (Fig. 7) (Fig. 8) . Sertoli (23, 36, 37, 41, 56) , which had small cytoplasmic processes, scant organelles and a small nucleolus, were found in the damaged seminiferous tubules (Fig. 9) . Some Sertoli cells, containing small cigar-shaped mitochondria, were intermingled, suggesting more advanced, but not full maturation (Fig. 10) (Fig. 11) .
DISCUSSION
Any test for evaluating the subchronic effects of an agent on spermatogenesis needs to be extended over 6 cycles of the seminiferous epithelium in order to allow examination of all exposed germ cells (1 (32) . However, the mutagenic effects of EtO exposure were found only in mature spermatozoa and late spermatids (13, 16, 21, 22 (33) , exposure to 2,4-dinitrotoluene (4), 2,5-hexanedione (5) , n-hexane (14) , cytochalasin D (48), DL-6-(N-2-pipecolinomethyl)-5-hydroxy-indane (17), methylxanthines (20) , cyclohexylamine (12) , methyl chloride (6) , massive doses of Vitamin B6 (29) , cryptorchidism (28) , ligation of the ductuli efferentes (3), and vasectomy (19) . This feature is thought to be one type of germ cell degeneration (3, 12) . Several theories have been offered to explain the morphogenesis of multinucleate germ cells, such as opening of intercellular bridges (28, 29, 48) , fusion of germ cells (5) , and nuclear division without cytoplasmic separation (33, 42 (1 S, 47) . It is reported that the mitotic activity of Sertoli cells is restricted in the immature testis, and that the number of Sertoli cells remains unchanged in the adult testis (7, 23, 39, 54, 55 
